The coherent manipulation of the electron and nuclear spin in nitrogen-vacancy (NV) centers in diamond has become fundamental for both quantum information processing and sensing applications.
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Single and double quantum bits (qubits) are realized in NV centers by driving single spins with resonant microwave (MW) or radio-frequency (RF) fields and specific pulse sequences.
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Ensemble of NV centers have proved to be excellent magnetometers [7] [8] [9] [10] [11] offering high-spatial resolution with a signal-noise ratio proportional to √ N N V , where N N V is the number of the driven spins. For these applications, a precise spatial control of the MW field distribution is fundamental to drive coherently single or ensembles of spin. In imaging and sensing applications, the commonly employed MW antennas have a large bandwidth and can generate uniform MW fields in a wide area [12] [13] [14] or in a 3D volume.
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For quantum information, the area of interest is limited to few or single centers, for which high and more localized MW magnetic fields are preferred to the drive spin in efficient way. For instance, miniaturized MW loops 17 thin wires and coplanar waveguides 18 fabricated directly on the diamond surface can offer higher magnetic field amplitude in the near-field but they can be easily subjected to disconnections or induce undesired sample heating.
Here, we demonstrated a simple method to redistribute the MW magnetic field on a diamond substrate by resonant excitation of a micrometer-scale gold loop-pattern coated on silicon. By using an ensemble of near-surface NV centers in the same diamond substrate, we performed the imaging of the MW magnetic field distribution in the near-field. In our experimental setup, we use a large MW antenna which provides a uniform MW field over the sample at a distance of about 0.5 mm. The micrometer-scale gold pattern in close proximity with the diamond surface, acts as a resonant antenna and redistributes the MW field, providing an enhanced field in a localized area; the remitted MW field is then measured by NV centers. Ensemble of NV centers have been used for imaging microwave magnetic fields previously; [19] [20] [21] [22] by driving the electron spin with the MW field, we measured the frequency of Rabi oscillations which is directly associated to the microwave intensity. This 3 method gives a quantitatively accurate measure of the MW intensity. Compared to previous excitation methods, the micrometer-scale gold pattern is not fed by electrical current and it's shape can be design to create a specific MW magnetic field distribution on the diamond. This structure is an easy and fast way to create ad-hoc MW distributions for specific applications and limiting MW power losses.
An NV center in diamond is a defect which constitutes of a vacancy in the diamond lattice and a near nitrogen atom which substitutes a carbon atom. The ground state of NV centers is a spin-triplet whose single state m s = 0 and doublet state m s = ±1, named here |0 and |±1 , has a transition (zero-field splitting) at frequency 2.87 GHz which makes them ideal for imaging microwave fields. The degeneracy of the states |±1 is lifted by a static external field B 0 which produces a Zeeman energy splitting of 2γB 0 , where γ is the gyromagnetic ratio of the electron spin. The spin state can be optically initialized by off-resonance green laser pumping in the state |0 . After manipulation with a MW field resonant with the transitions |0 → |±1 , the spin state is measured by optically detected magnetic resonance (ODMR) through photoluminescence emitted in 600−800 nm range. would be possible to fully reconstruct the MW magnetic field.
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Here, we align B 0 = 4. . Note that the peculiarity of this experiment is that the micrometer-scale gold pattern acts as a receiving antenna and itâĂŹs not fed by any electrical cable. The NVs layer which will sense the MW magnetic field distribution faces the gold pattern, kept in contact with the surface of the diamond. The measurements are performed by means of a confocal microscope and a pulsed laser diode with λ = 520 nm driven by a high speed driver at the peak power of 70 mW used to excite the NV centers.
The photoluminescence arising from the diamond substrate is collected by an objective lens 100x NA 0.73 WD 4.7 mm with resolution of 0.5 µm at λ = 700 nm; then the light is focused into a cooled scientific CMOS camera, 528 x 512 pixels. The static magnetic field to remove the degeneracy of the states |±1 is provided by two Nd 2 Fe 14 B permanent magnets aligned
The ability of the non-fed micrometer-scale gold pattern in reshaping the MW field generated by the antenna, provides a powerful tool for specific spin manipulations in diamond. In order to show the characteristics of this structure, we performed the imaging of the MW magnetic field distribution over the micrometer-scale gold pattern, by using a dense ensemble of NV centers in diamond. According to the selection rules, the transition between the states |0 and |±1 is sensitive to circular polarization at higher frequency. In the following experimental results, we choose 37.3 dBm as upper limit for the MW power since we started to observe these components in the FFT spectrum.
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The Rabi oscillations are measured by first applying a green laser pulse with duration 1 µs which prepares the spin in the |0 state. After a waiting time of 1 µs necessary to complete the spin polarization, the electronic spin is driven with a MW pulse resonant with |0 → |±1 ; the spin state is measured by applying a second laser pulse with the same duration, which reinitializes the spin state in |0 . The CMOS camera acquires images in area with size of 34.9
x 33.9 µm 2 at increasing MW pulse durations to reconstruct temporally the Rabi oscillations.
For a fixed MW pulse duration the previous sequence is repeated 24000 Cycles, correspondent to the integration time of the CMOS camera; at the end, the single measurement is repeated 
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However, in this way the minimum Rabi frequency sensed in our measurements is limited by ∆ and only for Ω program and we didn't further investigate. We stress again that fact that the gold pattern is excited by the planar ring MW antenna at a distance of ∼1 mm, without a direct feed.
Moreover, for the particular shape of the pattern employed in this experiment, the receiving gold pattern produced a localized MW field on the micrometer-scale, compared to the bulk MW field generated by the only planar ring MW antenna on the millimeter-scale.
At the same position, we measured the maximum Rabi frequency for different MW powers (11.3 − 37.3 dBm). Figure 3a depicts the linear dependence of the Rabi frequency on the square root of the MW power √ P M W of our antenna. As explained previously, even if we measure an effective Rabi frequency, the linear relation is preserved in the limit of fast enough Rabi oscillations. The different slopes for the transition |0 → |±1 is due to a different gain of the MW antenna at a frequency of the transition. In Fig.3b-d 
